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LSPCs to nonapoptotic, iron-dependent
cell death via ferroptosis. Indeed, ferroptosis
inhibition functionally rescued Aldh3A2
loss. Conversely, genetic and pharma-
cologic inhibition of ferroptosis inhibi-
tory glutathione peroxidase 4 (GPX4) and
cytotoxic therapy triggered increased elimi-
nation of Aldh3a2-deficient LSPCs and ex-
tended AML-free survival in vivo compared
with aberrant stem cells expressing the
detoxifying enzyme. This finding provides
further evidence that AML relies on in-
creased metabolic plasticity, particularly
enhanced FA metabolism, for desensitiz-
ing leukemic clones to cell death9; it also
underscores that distinct metabolic ad-
aptations are likely at play in LSPCs and
AML blast cells as suggested by Jordan
and colleagues.10

Future studies are needed to continue
identifying LSPC-specific metabolic ad-
aptations and vulnerabilities, particularly
in the context of therapeutic interven-
tions for AML. It will also be of critical
importance to gain insights into the role
of metabolic dependencies in pre-LSPCs,
as they are not only the cellular source of
primary disease initiation, but they provide
a pool of highly transformation-susceptible
cells during antileukemic therapy.3,4
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specificity of Sjögren-Larsson Syndrome en-
zyme fatty aldehyde dehydrogenase. Nat
Commun. 2014;5(1):4439.

8. Krivtsov AV, Twomey D, Feng Z, et al.
Transformation from committed progenitor to
leukaemia stem cell initiated by MLL-AF9.
Nature. 2006;442(7104):818-822.

9. Samudio I, Harmancey R, Fiegl M, et al.
Pharmacologic inhibition of fatty acid oxidation
sensitizes human leukemia cells to apoptosis
induction. J Clin Invest. 2010;120(1):142-156.

10. Jones CL, Stevens BM, D’Alessandro A, et al.
Inhibition of amino acid metabolism selec-
tively targets human leukemia stem cells.
Cancer Cell. 2018;34(5):724-740.e4.

DOI 10.1182/blood.2020006733

© 2020 by The American Society of Hematology

PLATELETS AND THROMBOPOIESIS

Comment on Manne et al, page 1317, and Hottz et al, page 1330

COVID-19 concerns
aggregate around platelets
ElisabethM. Battinelli | Brigham andWomen’s Hospital; HarvardMedical School

In this issue of Blood, articles by Manne et al and Hottz et al highlight platelet
hyperactivity in COVID-19–associated pathophysiology.1,2 Although the
hallmarks of COVID-19 include a brisk inflammatory response and respiratory
symptoms, the hematologic manifestations of this infection have also garnered
attention, with thrombotic complications taking center stage.3,4 COVID-
19–associated coagulopathy has been characterized by an elevated D-dimer,
mild thrombocytopenia, and a prolongation of the activated partial throm-
boplastin time.5 Alongside these laboratory abnormalities, patients present
with increased rates of thrombosis.6 The role of platelets in the thrombotic
complications of COVID-19 is explored in these 2 articles, establishing that
platelet hyperactivity contributes to the coagulopathy seen in COVID-19.

Mounting evidence has demonstrated
the far-reaching influence of the platelet
beyond mediating hemostasis. Platelets
are increasingly recognized as key players
in facilitating inflammation. The impor-
tance of the platelet in viral infection–
mediated thrombosis has been established
previously.7 Endothelial damage, a cor-
nerstone of COVID-19 disease, releases
key platelet agonists that send platelets
into overdrive.8 Inflammation may be
exacerbated in patients with hyperten-
sion, cardiovascular disease, and obesity,
all of which are associated with baseline
platelet hyperreactivity.9 Interestingly, stud-
ies have shown that patients with these
underlying comorbidities suffer more severe
COVID-19 complications and have a worse
outcome.10 Understanding the role of the
platelet in COVID-19 remains elusive. Be-
cause the platelet itself does not express
the receptor for SARS-CoV-2 binding
(ACE2), more remains to be understood
about how the virus interacts with platelets
and impacts their function.

Propelling the platelet further into the
spotlight has been recent evidence dem-
onstrating that megakaryocytes, the pre-
cursor cells of the platelet, are present in
pulmonary and cardiac tissue from autop-
sies of patients who have succumbed to
COVID-19.11 It remains unclear whether
these megakaryocytes in satellite locations
contribute to platelet production. Surpris-
ingly, although COVID-19 is associated
with severe inflammation, reactive throm-
bocytosis has not been demonstrated in
infected patients. On the contrary, a mild
thrombocytopenia is often present, and a
decrease in platelet count has been asso-
ciated with a poor prognosis.12

In the first of 2 linked articles, Manne
and colleagues demonstrate changes
in platelet gene expression and function
in COVID-19 patients.1 Using platelet RNA
sequencing, the investigators profile gene
expression in the platelets of COVID-19
patients and find altered gene expres-
sion profiles in pathways associated with
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ubiquitination, antigen presentation, and
mitochondrial dysfunction. Patients with
COVID-19 have higher levels of platelet
activation at rest and increased interac-
tions with neutrophils, monocytes, and
T cells compared with healthy donors
(see figure). Platelet functionality studies
demonstrate hyperactivity, as evidenced
by increased aggregation, spreading on
fibrinogen and collagen through upregu-
lation of theMAPK pathway, and increased
thromboxane generation. Therefore, the
investigators extrapolate that hyperactivity
of platelets plays a role in the immune-
mediated thrombotic manifestations seen
in patients with COVID-19. What remains
to be determined is whether these plate-
let gene transcript differences and en-
hanced platelet functionality are uniquely
associated with exposure to COVID-19 or
whether other similarly inflammatory con-
ditions also reveal comparable changes.
Comparisons with other viral illnesses
associated with acute respiratory distress
syndrome would be helpful in identifying
the exclusivity of these platelet manifesta-
tions in COVID-19.

In the second article, Hottz and colleagues
again demonstrate that COVID-19 is as-
sociated with increased platelet activa-
tion. They show that the platelets of
critically ill COVID-19 intensive care unit
(ICU) patients exhibit increased platelet
aggregation and platelet-monocyte ag-
gregation compared with patients with
mildCOVID-19 infection (see figure). These
findings are associated with the charac-
teristic coagulation laboratory changes
found in patients with COVID-19, including
elevated fibrinogen and D-dimer. Further,
these changes correlate with a worse

outcome, with increased need for in-
vasive mechanical ventilation and in-
creased mortality in thosewith hyperactive
platelets. In this study, changes in platelet
activation were associated with increased
platelet expression of P-selectin and CD63
in patients with more severe disease in
comparison with those with mild manifes-
tations. Platelets from patients with severe
COVID-19 infection induce monocyte-
derived tissue factor (TF) expression that
is diminished by pretreating COVID-19
patient platelets with an anti–P-selectin
neutralizing antibody or the clinically ap-
proved anti-aIIb/b3monoclonal antibody,
abciximab. Together, these findings again
demonstrate the role of the platelet in
COVID-19, linking changes in platelet ac-
tivation and platelet-dependent mono-
cyte TF expressionwith disease severity and
mortality. Linking platelet-mediated mono-
cyte TF expression to unbridled coagulation
and thrombosis remains to be determined.

Although both of these articles clearly
demonstrate differences in platelets and
platelet function in patients with COVID-
19, a well-defined connection between
platelet hyperactivity and the coagulop-
athy seen in COVID-19 patients has not
been confirmed. Dedicated studies com-
paring platelet function testing in COVID-
19 patients with and without thrombosis
have not been performed. Because plate-
lets are already known to be hyperre-
active in the setting of inflammation,
linking platelet abnormalities directly
to thrombotic risk is key to understand-
ing whether the platelet is merely a by-
stander in the inflammatory milieu or a
key pathological regulator of thrombo-
sis in COVID-19.

An understanding of the role of the
platelet in COVID-19–associated throm-
bosis has clear clinical implications in
considering antiplatelet therapies for
treating COVID-19 patients. The addition
of antiplatelet therapy to patient man-
agement was addressed in both articles.
In the study by Manne et al, platelet
hyperreactivity in COVID-19 ICU patients
was reduced by pretreatment of the
platelets with high doses of aspirin. In
the Hottz et al study, platelet-targeting
agents, including aspirin and clopidog-
rel, did not prevent platelet-induced TF
in monocytes, yet anti–P-selectin neu-
tralizing antibodies and integrin target-
ing through abciximab disrupted platelet
signaling to monocytes. These findings
would suggest that directed blockade
of platelet P-selectin and/or other key
platelet-activation pathways may interfere
with the platelet hyperreactivity observed
in COVID-19. Because a modest rate of
bleeding and thrombocytopenia have
also been reported in COVID-19 patients,
overall hemostasis must be considered
before instituting antiplatelet therapies.13

The work of Manne et al and Hottz et al
sets the stage for clinical trials evaluating
the efficacy of antiplatelet drugs in COVID-
19–associated coagulopathy.
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Schematic cross-section of a blood vessel depicting COVID-19–associated endothelial damage (left panel). At the site of endothelial injury, platelets become activated and aggregate
(middle panel). These hyperactive platelets activatemonocytes, leading to release of tissue factor, the principle regulator of the coagulation cascade (right panel). RBC, red blood cell.

1222 blood® 10 SEPTEMBER 2020 | VOLUME 136, NUMBER 11



factor expression in patients with severe
COVID-19. Blood. 2020;136(11):1330-1341.

3. Wu F, Zhao S, Yu B, et al. A new coronavirus
associated with human respiratory disease in
China [published correction appears in Na-
ture. 2020;580(7803):E7]. Nature. 2020;
579(7798):265-269.

4. Connors JM, Levy JH. COVID-19 and its im-
plications for thrombosis and anticoagulation.
Blood. 2020;135(23):2033-2040.

5. Tang N, Li D, Wang X, Sun Z. Abnormal co-
agulation parameters are associated with poor
prognosis in patients with novel coronavirus
pneumonia. J Thromb Haemost. 2020;18(4):
844-847.

6. Middeldorp S, Coppens M, van Haaps TF,
et al. Incidence of venous thromboembolism
in hospitalized patients with COVID-19.
J. Thromb Haemost. 2020;18(8):1995-2002.

7. Koupenova M, Freedman JE. Platelets and
immunity: going viral. Arterioscler Thromb
Vasc Biol. 2020;40(7):1605-1607.

8. Teuwen L-A, Geldhof V, Pasut A, Carmeliet P.
COVID-19: the vasculature unleashed [published
correction appears in Nat Rev Immunol. 2020;
20(7):448].Nat Rev Immunol. 2020;20(7):389-391.

9. Dentali F, Squizzato A, Ageno W. The meta-
bolic syndrome as a risk factor for venous and
arterial thrombosis. Semin Thromb Hemost.
2009;35(5):451-457.

10. Palmieri L, Vanacore N, Donfrancesco C, et al;
Italian National Institute of Health COVID-19
mortality group. Clinical characteristics of
hospitalized individuals dying with COVID-19
by age group in Italy [published online ahead
of print 7 June 2020]. J Gerontol A Biol Sci
Med Sci. doi:10.1093/gerona/glaa146.

11. Rapkiewicz A, Mai X, Carsons SE, et al.
Megakaryocytes and platelet-fibrin thrombi
characterizemulti-organ thrombosis at autopsy in
COVID-19. EClinicalMedicine. 2020;24:100434.

12. Yang X, Yang Q, Wang Y, et al.
Thrombocytopenia and its association with
mortality in patients with COVID-19. J Thromb
Haemost. 2020;18(6):1469-11472.

13. Al-Samkari H, Karp Leaf RS, Dzik WH, et al.
COVID-19 and coagulation: bleeding and
thrombotic manifestations of SARS-CoV-2 in-
fection. Blood. 2020;136(4):489-500.

DOI 10.1182/blood.2020007805

© 2020 by The American Society of Hematology

TRANSFUSION MEDICINE

Comment on Grebe et al, page 1359, and Custer et al, page 1351

ART and science of keeping
HIV out of the blood supply
Richard Kaufman | Brigham and Women’s Hospital

In this issue of Blood, Grebe et al1 report that changing the US blood donation
policy for men who have sex with men (MSM) from an indefinite deferral to a
deferral of 12 months from last sex did not significantly increase the risk of
transfusion-transmitted HIV. In an accompanying article, Custer et al2 dem-
onstrate that HIV-positive individuals on antiretroviral therapy (ART) and
individuals taking HIV preexposure prophylaxis (PrEP) are donating blood,
potentially increasing the risk of transfusion-transmitted HIV.

In developed countries, blood centers
protect the safety of the blood supply by
deferring high-risk donors and screening
all donations for HIV and other patho-
gens using exquisitely sensitive and
specific assays. This multilayered ap-
proach has been highly successful. In the
United States and many other countries,
the per-unit risk of HIV transfusion-
transmission is ,1 per million.3 However,
medical policies and practices continue to
evolve, and so do the risks of transfusion-
transmitted infection. In this issue of
Blood, Custer and colleagues report 2
important studies about current risks of
transfusion-transmitted HIV. One of these
studies is reassuring1; the other is not.2

HIV antibodies become detectable in
blood ;21 days after infection. HIV
nucleic acid testing (NAT) turns positive
earlier, ;9 to 10 days after infection.
Thus, HIV NAT is considered to have a
window period of ;9 days (see figure).
For donor screening, HIV NAT is typically
performed on mini-pools (samples from,
eg, 16 donors). If a pool tests positive,
the individual samples are tested to
identify the HIV-positive donation. Win-
dow period donations represent almost
all of the residual risk of HIV transfusion-
transmission. In these rare cases, an
individual donates soon after getting
infected with HIV, when the viral RNA
load is still very low and before specific

antibody is detectable. The screening
tests result as negative, and the donated
unit may infect a transfusion recipient.

Policies on donor eligibility, reflected in
the predonation Donor History Ques-
tionnaire, are intended to prevent indi-
viduals with high-risk behaviors from
donating in the window period. These
policies are often viewed as discrimina-
tory by gay communities; regulators such
as the Food and Drug Administration
(FDA) try to balance protecting the blood
supply with making donation as widely
available as possible. In 2000, Australia
became the first nation to make MSM a
12-month donor deferral instead of an
indefinite deferral. Other countries fol-
lowed suit, including the United States in
2015.4 In April 2020, the FDA reduced
the deferral period for MSM to 3 months
from last sex,5 consistent with policies
elsewhere. Intuitively, adopting a 12- or
3-month MSM deferral period should not
increase the risk of HIV-contaminated
units entering the blood supply given a
window period of only 9 days.

However, policy changes can have un-
intended consequences. Grebe et al
decided to examine whether the switch
in the United States from an indefinite
deferral to a 12-month deferral led to an
increase in higher-risk individuals donat-
ing blood and a corresponding increase in
the risk of transfusion-transmitted HIV.
Using data from several US blood centers,
the investigators measured the HIV in-
cidence in first-time blood donors before
and after the switch to a 12-month MSM
deferral. The incidence of HIV in first-time
donors was 2.62/105 person-years at
baseline and 2.85/105 person-years after
the 12-month deferral was implemented
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HIV window period. Following HIV infection, HIV RNA
becomes detectable by standard NAT after ;9 to
10 days (green). HIV antibody is detectable by im-
munoassay after ;21 days (red). Blood donations
made in the HIV NAT window period are responsible
for most of the residual risk of transfusion-transmitted
HIV. Adapted from Busch10 with permission from the
author and publisher.
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